The mechanisms of renal tubular dysfunction in old age have been examined in twenty-eight clinically healthy elderly subjects without infection, and in fourteen subjects of similar age with laboratory evidence of intrarenal infection. The data were compared with those from thirteen clinically healthy young subjects. Introduction.
with identical TmpAH:Cin ratios in all groups. This supports the intact nephron hypothesis for this part of the nephron. Distal tubular activity is depressed in old age in both sexes proportionately more than proximal tubular activity or the GFR. The lower CH20: GFR ratios imply a selective distal tubular damage.
Maximal osmolal U/P ratios in hydropenia are significantly higher in the young (mean 3.67) than in either the elderly non-infected (mean 2-79) or the elderly infected subjects (mean 2'12). Conversely, minimal U/P ratios in water-loading are lower in the young (mean 0.247) than in either elderly group (means 0-418 and 0-668) . Osmolal excretion in hydropenia is not different between the groups, but urine flows in water-loading clearly separate them.
The data indicate that simple functions of the distal-collecting tubule (e.g. the CH20), are less affected in old age than are functions involving several medullary structures (as is the maximal Uosm or U/P ratio). They suggest that the main impairment of the distal tubular cell involves the failure to achieve a proper osmotic gradient between tubular fluid and blood, rather than an inability to excrete or re-absorb an adequate amount of solute. Finally, it appears that renal infection aggravates the larger glomerular and proximal tubular deficits observed in non-infected men: it depresses distal tubular function equally in both sexes.
Introduction.
Reduction of maximal urinary concentrating capacity in old age is a well-recognized phenomenon (Miller & Shock 1953 ; Tassinari & Pin, 1958; Lindeman et al., 1960) . The mechanisms responsible for this tubular dysfunction are not completely clarified and include an increased solute and water load per functioning nephron (Bricker, 1961) , reduced efficiency of individual nephrons (Davies & Shock, 1950; Miller & Shock, 1953 ; Adams & Barrows, 1963) , and alterations in the inner medulla resulting in reduced hypertonicity (Lindeman et al., 1966) .
We have previously demonstrated that in elderly subjects tubular function is reduced proportionately to the levels of glomerular filtration rate (GFR) and renal plasma flow (RPF), and that the presence of renal infection produces tubular damage beyond that attributable to age alone (Dontas et al., 1968) . Dilution-impairment in old age has not been demonstrated, and in most forms of chronic renal disease diluting ability is retained long after significant losses of concentrating ability are obvious.
The decreased concentrating power during hydropenia might be related either to an inability of the distal nephron to generate a maximal osmolal concentration difference between blood and terminal tubular fluid (a gradient impairment) or to an inability to excrete a maximal amount of solute per unit of volume of urine (a capacity impairment). Conversely, if diluting defects of the aged kidney exist, these can be related either to a distal and collecting tubular cell inability to lower the minimal urine concentration with respect to plasma (gradient im-pairment), or to an inadequacy of solute reabsorption independently of water, i.e. reduced formation of electrolyte-free water (capacity impairment).
In the present paper the following questions were investigated in order to clarify the mechanisms of renal tubular defects in old age and their modification by renal infection:
(1) Is only urinary concentration impaired in old age or also dilution ability? (Cruickshank, 1965) (b) Evaluation of distal tubular activity andglomerular filtration rate in water-loading These functions were determined by the simultaneous clearances of 'free water' (C'H20) and creatinine (and inulin in most cases) in the winter months of 1969-70, on as many of the subjects as above as possible. Administration of 5-10 ml/kg of tap water orally was followed by a rapid infusion of 2-25 1 of a mixture of normal saline and 5%°glucose in water. The infusion was administered over a period of 90-120 min, but it was interrupted earlier if a maximal steady urine flow had been obtained. As the mean weight of the elderly subjects was 15% below that of the young ones, the average elderly subject was relatively overhydrated during this test compared with the young subjects. Five subjects with heart disease were previously digitalized, so that they did not exhibit any side-effects, except one who was excluded from this series.
(c) Evaluation of maximal and minimal osmolal U/P ratios, and of maximal U x V values in hydropenia An overnight test of hydropenia was performed as described previously (Dontas et al., 1968 ) during the summer months of 1969, i.e. after the standard clearance study (a) and before the water-loading test (b) on the same subjects. Volume and osmolality of several samples of freely voided night urine, as well as evening and morning plasma osmolalities were determined. Maximal osmolal U/P ratios and U x V values were computed from these data.
Minimal osmolal U/P ratios were determined during the water-loading test as above (b), urine samples being obtained every 3-5 min through the bladder catheter.
All clearance tests were performed in the recumbent state in the morning, after fasting for 12 hr. The bladder was emptied by catheterization and washouts followed by air. Strict aseptic measures were followed throughout all clearance tests and at the end of each catheterization 1 g of chloramphenicol was instilled into the bladder. Thus, no evidence of bladder infection became apparent in any subject following -these tests. Inulin, endogenous creatinine and sodium paraaminohippurate were determined by standard techniques, previously described (Dontas et al., 1968) . Plasma and urine osmolality were estimated by determination of the freezing point in a Precision Systems Osmette, and are expressed as milliOsmols/kg of water.
Statistical evaluation of the data was done by comparing the various subgroups with the t-test, as routinely performed in all such studies. This assumes that: (1) the individual values are normally distributed, and (2) that the kidney variables studied are independent of one another. Some of the functions reported are in reality interdependent (e.g. max Uosm and osmolal U/P ratios), the majority, however, are not (Cin, U/P ratios and TmpAH) and, in any case, comparison was carried out within rows in each test.
Results
The data are reported in detail in Tables 1 and 2 
Maximal and minimal osmotic U/P ratios
The maximal urine osmolality as well as the maximal U/P ratio in hydropenia are significantly lower in the elderly infected group compared with the non-infected, and in the latter group compared with the young group (Table 1, Fig. 3) . Similarly, the mean minimal osmolal U/P ratio in water-loading is significantly higher in both elderly groups compared with the young subjects. The difference in mean minimal U/P ratios between the two elderly groups is not significant (Fig. 4) .
Osmolal excretion in hydropenia
The maximal osmolal excretion in hydropenia (max. U x V) is higher (not significantly) in the noninfected elderly compared with either the infected elderly or the young group. The lower osmolal excretion in the latter group results from the significantly lower urine flow levels of the young subjects in the test of hydropenia (Table 1) . Urine flow in water-loading Maximal urine flows under water-loading are significantly higher in the young subjects than in the elderly non-infected, and in turn in the latter compared with the old infected ( (Eknoyan et al., 1967; Hayslett, Kashgarian & Epstein, 1967; Stein et al., 1967) . Further, it is well established that although minimal urine osmolality may be elevated in advanced renal disease this is due to increased solute diuresis per nephron, and the CH20 is not reduced (Bricker, 1961 (Bricker, , 1969 Morrin et al., 1970; Ofstad, Gjersvik & Kolsaker, 1968) .
The inability to excrete free water observed in one infected subject in our study suggests that in addition to the mild damage common to all elderly subjects, there exists a more selective distal tubular impairment in occasional individuals with advanced renal infection (Sommers et al., 1964) . A more important mechanism involved in the decrease in maximal urine osmolality in old age is probably the fall of GFR and the consequent prolongation of contact of the filtrate with salt-absorbing tubules. An average decrease of 37% in Cin between young males and non-infected aged males is accompanied by a 26% reduction in maximal Uosm. This is in agreement with acute observations on hydropenic subjects on normal or salt-free diets (Levitt, Levy & Polimeros, 1959) . The additional significant drop in Uosm in bacteriuria, equal in infected males and females, can not be related to the progressive reductions in GFR (Brod, 1971) which occurred only in the infected males. Therefore, the effect of bacteriuria on concentration, appears as separate from and additive to that of lowered GFR.
These results confirm our previous studies (Dontas et al., 1966 (Dontas et al., , 1968 that bacteriuria is an independent, significant factor in the decrease of maximal concentrating ability in old age. They further point out that its importance equals that of uncomplicated age and moderate protein intake combined (Fig. 3 ) (Shock, 1952; Epstein et al., 1957) .
(2) The renal functions examined (Tables 1 and 2 (Coleman et al., 1966) Overlaps between the three groups studied exist nevertheless even in the better delineated functions, such as the maximal U/P ratio (Fig. 3) . To differentiate more clearly the three groups either additional physiological stresses must be imposed upon the kidney or functions studied which depend upon the interplay of renal and extrarenal factors. Thus, the increase of urine flow in response to a sudden expansion of extracellular fluid volume differentiates the three groups as well and much more simply than any of the purely 'renal' tests studied (Table 2) .
(3) The relationships between proximal tubular and glomerular functions examined by the ratios of TmpAH to Cin (Fig. 1) (Marketos, Papanayiotou & Dontas, 1969) . Furthermore, although nephrosclerosis is a common characteristic of the two age groups, there is a significant difference in GFR levels between noninfected and infected subjects. The additional decrease of GFR in the latter cannot be accounted for by the asymptomatic bacteriuria, but by the acceleration of the pre-existing vascular disease by the intrarenal infection. The constancy of glomerulo-tubular balance in all three groups suggests that the effects of either age or infection on proximal tubular function, unlike those on distal tubular activity, which is selectively impaired, are exerted through mechanisms common to those limiting GFR. Alternatively, the proximal tubule is capable of adapting its function to a degree appropriate for each level of GFR (Bricker, 1969) .
(4) The data reported herein indicate that the presence of intrarenal infection seriously impairs the function of all segments of the individual nephrons in the aged male, whereas it affects only the more distal segments (concentration capacity) in the affected females. It is likely that this disparity is a result of aggravation by infection of the effects of mechanical (Lapides, 1965) and hormonal factors (Welsh et al., 1942) , on certain nephronal functions of the elderly male subject. In fact, significant differences in GFR and proximal tubular activity exist already between non-infected elderly males and females. Medullary functions are, in contrast, equally hampered in both sexes in uncomplicated old age; thus, the presence of renal infection by superimposing an additional factor depresses concentration and dilution in both sexes, but affects proximal tubular and glomerular functions predominantly in males.
